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ABSTRACT:
This study investigates crosswind responses of base-isolated tall buildings under nonstationary wind excitations. The
base isolation system has hysteretic restoring force characteristics. Response time history analysis (RHA) is
performed. The numerical examples show that the transient effect of non-stationary excitations reduces when yielding
becomes significant which leads to increase in system damping. This study also presents analytical solution of
nonstationary time-varying response statistics. The time-varying standard deviations (STDs) of crosswind responses
are estimated from the statistical linearization with Gaussian assumption combined with evolutionary spectra analysis.
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1. INSTRUCTION
The potential benefit of high-rise buildings from base isolation has attracted great attention in
recent years for considerations of comfort of occupants, functionality of buildings, non-damage to
acceleration-sensitive contents and non-structural elements. There are a number of studies on
wind-induced responses of base-isolated tall buildings under stationary wind excitations (e.g.,
Kareem 1997, Katagiri et al. 2012, Feng and Chen 2019a and b). In addition, the nonstationary
winds can have very distinct load effects on buildings as compared to stationary winds (e.g., Chen
2008; Solari et al. 2015; Feng and Chen 2018; Kareem et al. 2019). This study characterizes and
provides an effective analytical approach to estimate the inelastic crosswind responses of baseisolated tall buildings under nonstationary wind excitations.

2. ANALYSIS FRAMEWORK
The bilinear hysteretic model is used for the restoring shear force of base isolation system, and is
modeled in Bouc-Wen hysteretic force model. The upper building is linear elastic and modeled as
multiple degrees of freedom shear building. The building damping matrix is assumed to be
proportional to stiffness matrix. The building displacements are further expressed in modal
displacements. The nonstationary crosswind story wind forces are represented in their evolutionary
power spectral density (EPSD) functions. Response history analysis is carried out using RungeKutta method, where the time histories of story forces are generated from their spectra. The timevarying STDs of inelastic responses are also qualified analytically using statistical linearization
approach combined with evolutionary spectra analysis.
A 50-story tall building of 200 m in height with a square cross section in urban area is considered.
The first modal frequency and damping ratio of fixed-base building are 0.21Hz and 1% with a
linear mode shape. The base isolation system is consisted of damper system and linear rubber
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bearings. The yield restoring shear force of the damper system is 2% of total building weight with
a yielding displacement of 0.025 m. The second stiffness ratio is 0.12. With the initial stiffness,
the first modal frequency of base-isolated building is 0.196 Hz. The time-varying mean wind speed
of nonstationary field is modelled as 𝑈𝐻 (𝑡) = 𝑈𝐻,𝑚𝑎𝑥 exp[−(𝑡 − 𝛿0 )2 /2𝐷2𝑡 ] , where 𝑈𝐻,𝑚𝑎𝑥 is
maximum mean wind speed at building top over the time duration and 𝐷𝑡 is wind storm duration parameter.

The EPSD of crosswind base bending moment coefficient is defined based on the PSD under
stationary wind suggested by Architectural Institute of Japan (AIJ 2004).

3. RESULTS AND DISCUSSIONS
Figures 1 and 2 show the time history sample of base displacement and the restoring forcedeformation relation of the base-isolation system with 𝑈𝐻,𝑚𝑎𝑥 = 50 m/s and 𝐷𝑡 = 180 s. Figure
1 shows that the yielding causes low-frequency drift, which is similar to response under stationary
wind (Feng and Chen 2019a). The hysteretic loop is symmetric around the centre.
Figure 3 shows the time-varying STDs of base displacement for 𝑈𝐻,𝑚𝑎𝑥 = 30 and 50 m/s and
𝐷𝑡 = 60 s and 180 s, which are estimated from ensample average of 1000 response time history
samples. To highlight the transient dynamic effect, the quasi-stationary response STDs are
determined under stationary wind with corresponding wind speed over the duration of 600 s,
referred to as ‘RHA, QS’. It is observed that there exists clear transient structural dynamic effect
at 𝑈𝐻,𝑚𝑎𝑥 = 30 m/s, especially when 𝐷𝑡 is shorter, i.e., the variation of wind speed is significant.
The transient effect leads the time-varying STD under nonstationary excitation lower than that of
quasi-stationary response. The maximum of time-varying response STD is observed after the mean
wind speed reaches its peak. The transient effect is considerably reduced at 𝑈𝐻,𝑚𝑎𝑥 = 50 m/s,
which is attributed to the increase in system damping resulted from more significant yielding of
base isolation system. The similar observations can be found for base shear force, building top
displacements and acceleration.
The estimations of statistical linearization approach with Gaussian assumption combined with
evolutionary spectra analysis are also shown in Figure 3. The linearization approach provides good
estimation at lower wind speeds where the yielding is insignificant. At higher wind speeds, the
linearization approach underestimates the base displacement due to its strong non-Gaussian
distribution at large yielding level (Feng and Chen 2019b). For other responses, the linearization
approach provides good estimations of building top displacement and base shear, while
underestimates the building acceleration at higher wind speed. The linearization approach well
captures the transient structural dynamic effects.

4. CONCLUSIONS
The transient effect reduces in response and causes a delay in variation of the response STD
compared with that of quasi-stationary response. When wind speed increases, the transient effect
reduces with increase in system damping due to yielding. The statistical linearization with
Gaussian assumption combined with EPSD approach well capture the transient effect. The
linearization approach with Gaussian assumption provides good estimations of building top
displacement and base shear, while underestimates the base displacement and building
acceleration at higher wind speed due to their non-Gaussian character at high yielding level.
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Figure 1. Time history sample of base displacement
(𝑈𝐻,𝑚𝑎𝑥 = 50 m/s, 𝐷𝑡 = 180 s)

Figure 2. Restoring force and base displacement relation
(𝑈𝐻,𝑚𝑎𝑥 = 50 m/s, 𝐷𝑡 = 180 s)

a) 𝑈𝐻,𝑚𝑎𝑥 = 30 m/s
b) 𝑈𝐻,𝑚𝑎𝑥 = 50 m/s
Figure 3. Time-varying STD of crosswind base displacement
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